The use of more or less inert solids in liquid bacteriological media has been practiced for some time. A rather large number of substances such as glass wool, iron nails,
. The fermentation starts slowly aind continues to evolve methane slowly for long periods of timlle. S61bngen (1910) built up active cultures by repeatedly (lecanting off spent liquid and replacing Nwitlh freslh. MAI,any attemnpts have been inmide to decrease the size of the inoculum with but little success. The uiniversal experience was that it was necess.jrv to use ratheI' large amounts of the suspended or settled solids in making tmnsfers. Coolhaas (1928) , in his tlhernmophilie studies on the nmethilne fermentation of fatty acids, used finely divided (1aCO3 in his cultures and used large amounts of this material from an actively fermenting culture to inoculate freslh media.
The meth.ane fermnentation hias been under investigation in this laboratory for several years (Buswell, 1930) , the inoculating material usually being sludge from a sewage digestion tank. The procedure usually followed in the fermentation of soluble materials was to use overflowv liquor from a sewage sludge digestioin tank, add the substrate, and inoculate with sludge from the same tank.
The importance of the use of solid particles as inoculatinig material was emplhasized by Buswell and Neave (1930) whlo found that "in two parallel series of 80 cultures each, only two failed to produce gas from acetic and propionic acids when digesting sludge was used for the inoculation, but only three showed gas formation when the supernatant liquor from this sludge was used." These authors also reported results on studies to determine the minimum amount of sludge necessary to insure successful inoculation. Their conclusion was that 5 to 10 grams of sludge solids per liter were necessary to insure successful inoculation.
In the course of the present investigation an attempt was made to find a reproducible minimum inoculation. It seemed probable that the suspended matter in an actively fermenting sludge tank might be more active inoculating material than the settled solids. If this were true it should be possible to use a smaller amount of these solids than 5 to 10 grams per liter to make a successful inoculation. To test this idea a 3-liter quantity of overflow liquor was allowed to stand two hours in the refrigerator.
The supernatant liquid was siphoned off and the settled solids used to inoculate 200 cc. of the supernatant liquor containing 2 grams of calcium acetate in a fermentation bottle. A second bottle was prepared in a similar manner. The suspended material from a third 3-liter quantity was obtained by filtering through a thin mat of asbestos. This mat was then used to inoculate the third bottle. At the end of three days, 200 cc. of gas containing methane had been evolved from the third bottle, while only 30 to 40 cc. of gas had been evolved from each of the first two.
This indicated that the function of the sludge was not so much the furnishing of a heavy inoculum as it was the formation of a particular kind of physical environment for the organisms. An experiment to test this hypothesis was carried out as follows: A sufficient quantity of overflow liquor was filtered through a thick mat of asbestos, to remove suspended particles but not all of the bacteria. Two-hundred-cubic-centimeter quantities of this filtered liquor were placed in each of eight fermentation bottles. One gram of calcium acetate was added to each bottle and 5 grams of finely shredded asbestos to each of four bottles. The bottles were closed with heavily waxed rubber stoppers connected to gas collectors and incubated at 310 to 32°C. At the end of three weeks each of the four bottles containing the asbestos had produced from 150 to 200 cc. of gas containing methane while the remaining bottles had produced no more than a few bubbles of gas.
The results of this experiment were quite conclusive and have been confirmed many times. One experiment using sand instead of asbestos failed. A previous attempt in this laboratory to use glass wool with overflow liquor gave inconclusive results.
The next logical step was to use a sterile medium. The following mnodification of S6hngen's medium proved satisfactory. Test tube cultures in this medium under a vaseline-paraffin seal have been carried successfully through many transfers, using as inoculum only one loop of the liquid, free from fibers, from the previous culture.
Very active cultures have been built up by using SAhngen's procedure of decanting and replacing spent medium withi fresh. The daily addition of small amounts of substrate to the culture has proved to be a satisfactory practice. With a practically insoluble substrate such as cellulosic material, no addition of sludge or solid inert material is necessary (Boruff, 1930) since the cellulose fibers themselves appear to furnish the necessary physical environment for the organisms.
rThe exact nature of the role of the asbestos (or cellulose) fibers in this fermentation is by no means clear.' That the fibers act as a support for the organisms is seen from microscopical examination which shows many fibers to be covered with bacterial bodies. There is nio observable dissolution of the asbestos fibers.
Apparently it is not a question of the removal of some soluble active substance from the asbestos, such as is reported to occur in the industrial disease known as asbestosis (Gardner and Cummings, 1931) because if the asbestos is removed from an actively feirmenting culture, little or no gas is produced from the liquid, but if freshi sterile asbestos is added the gasification continues. Gasification also results when the asbestos from an active culture is washed and centrifuged and then added to fresh sterile medium.
1 Since completing this work, the very interesting paper by Fischer, F., Lieske, R., and Winzer, K., (Biochem. Z., 245, 2-12 (1932) ) has come to our attention. These authors report experimentatl evidence to show that aectic acid is an intermediate in the followiing bacterial transformation:
That is:
(1) 2CO2 + 4H2 -* CH3COOH + 21120 (2) CH3COOH --CH4 + CO2 They find that the second reaction depends upon the presence of colloidal or finely divided material in the medium which they refer to as a catalyst. By using precipitated FeS (or Al (OH)3) they find only methane produced, while in its absence acetic acid is found in the medium and is transformed into CH4 only after a long period of time.
That it is not a matter of protection from oxygen is indicated by the fact that controls of the above mentioned medium without asbestos, freshly sterilized, cooled, inoculated, and sealed with a mixture of vaseline and paraffin produce little or no gas.
SUMMARY
The use of shredded asbestos to form an artificial mechanical support for the bacteria in the mixed-culture methane fermentation of soluble substances has solved the problem of successful small inoculations. It has also completely displaced the use of sludge solids in the quantitative carbon balance studies in progress in this laboratory.
